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H I G H L I G H T S

• Reducing combined sewer overflows is the highest valued green roof attribute.
• Reducing summer temperatures and increasing pollinators are also valued.
• Respondents prefer new green roofs be built outside Portland’s Central City area.
• Willingness to pay is largest for respondents who had seen or visited a green roof.
• Total benefits support more than doubling the number of green roofs in Portland.
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Green roofs are being incorporated into stormwater management programs around the world. While numerous
studies have estimated the private benefits to the owners and residents of buildings with green roofs, the value of
the multiple public benefits received by non-building residents are less well known. We use a choice experiment
survey to estimate the public benefits for a proposed green roof program in Portland, Oregon, USA. These
benefits include reduced combined sewer overflows, reduced urban heat island effects, and an increase in pol
linators such as birds, bees and butterflies. Past investments in stormwater infrastructure have exposed some
residents to poor water quality and urban flooding, so we also explore if respondents’ willingness to pay varies
based on where new green roofs are located. Across models, the largest estimated benefit in our study area is
from a reduction in combined sewer overflows. Model results also show that respondents prefer to not fully
concentrate new green roofs in Portland’s Central City area, which is where most green roofs are currently
located. Total willingness to pay estimates for the 1-year program range from around $202 to $442 per
household, or $54.4 to $116.8 million for the city of Portland, Oregon, depending on program characteristics.

1. Introduction
Cities around the world are embracing green stormwater infra
structure (GSI)—a decentralized approach to manage rainfall that
mimics the natural environment—as a way to improve water quality,
reduce peak flows, and decrease stormwater runoff. GSI can also
generate co-benefits such as reducing the urban heat island (UHI) effect,
improving air quality, sequestering CO2, and providing new habitat
(Ando & Netusil, 2018; Lamond, 2017; Schäffler & Swilling, 2013).
Research also links GSI to reductions in crime (Kondo et al., 2015) and
improvements in physical and mental health (Kondo et al., 2015;

Tzoulas et al., 2007).
Revealed (hedonic price method) and stated preference techniques
(contingent valuation method (CVM) and choice experiments (CE)) have
been used to estimate the value of specific GSI approaches. These
include rain gardens and bioswales (Ando et al., 2020; Bowman et al.,
2012), green streets (Netusil et al., 2014), stormwater retention basins
(Irwin et al., 2017; Ureta et al., 2021), rain barrels (Ando & Freitas,
2011), pervious pavers (Bowman et al., 2012), and green roofs
(Teotónio et al., 2020; Vanstockem et al., 2018; Zhang et al., 2019;
Zhang et al., 2020).
Green roofs, also known as ecoroofs, living roofs, rooftop gardens, or
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vegetative roofs, have a layer of plants on top of the roof, which is
usually accompanied by a layer of soil as well as material for water
proofing, structural support, and insulation (U.S. EPA, 2014). Green
roofs can be categorized as intensive, which have deeper soils and can
support uses such as paths and walkways, or extensive, which have a
thinner layer of soil and are typically accessed only for maintenance (U.
S. EPA, 2014). Many cities around the world are embracing green roofs
as part of their stormwater management plans. To encourage the
adoption of green roofs, the majority of cities are using incentives, such
as subsidies, low interest rate loans, and tax reductions; the second most
common approach is a legal mandate (Liberalesso et al., 2020).
While research exists on the private benefits from green roofs for
residents and building owners, including their effect on apartment rents
(Ichihara & Cohen, 2011), and their ability to reduce energy costs
(Castleton et al., 2010; U.S. EPA, 2014) and noise (Van Renterghem,
2018), the literature on the public benefits of green roofs, that is, ben
efits received by non-building residents, is limited. Zhang et al. (2019)
used a CVM survey to estimate households’ willingness-to-pay (WTP) to
reduce the UHI effect from a proposed green roof program in Beijing,
China; respondents were reminded to only focus on the UHI effect and to
ignore any other potential benefits. Choice experiments offer greater
flexibility than CVM surveys because multiple benefits can be estimated
separately in addition to the total WTP for a specific program. For
example, Vanstockem et al. (2018) used a CE to estimate the value of a
green roof’s appearance, such as vegetation type, appearance of weeds,
and gaps between vegetation. These attributes, however, reflect private
benefits received by people who access or view the green roof, and not
public benefits, which, when included in a cost-benefit analysis, can tip
the scales in favor of green roofs (Teotónio, Matos Silva, & Oliveira Cruz,
2021).
Given the significant resources being devoted to green roofs around
the world (Liberalesso et al., 2020), understanding how non-building
residents value the multiple public benefits of green roof programs

can help policymakers implement policies that best reflect their citizens’
preferences for these attributes (Teotónio, Matos Silva, & Oliveira Cruz,
2021). Our paper advances the GSI valuation literature by using a CE to
estimate the public benefits of green roofs, that is, their ability to reduce
the urban heat island effect, decrease the number of combined sewer
overflows (CSOs), and increase the number of pollinators (birds, bees
and butterflies) as well as the total willingness to pay for several possible
new green roof programs in Portland, Oregon, USA. Given interest in the
spatial distribution of GSI investments (Baker et al., 2019; Chan &
Hopkins, 2017), our paper also explores if WTP varies based on where
new green roofs are located, that is, if they are concentrated in areas
where there already is an abundance of green roofs or more equally
distributed throughout the city. We also present models that explore if
estimated effects vary based on where respondents live and/or work.
Research has shown that prior exposure is correlated with WTP (Li &
Ando, 2020), so we estimate models to determine if results vary based on
respondents’ previous experiences visiting, seeing, reading or having
heard about green roofs prior to taking our survey.
Across models, the largest estimated benefit in our study area is from
a reduction in combined sewer overflows. We also find that respondents
prefer to not fully concentrate new green roofs in Portland’s Central City
area, which is where most green roofs are currently located. Depending
on program characteristics, the estimated household willingness to pay
for all respondents for a new green roof program through a 1-year in
crease in sewer and stormwater fees ranges from $202 to $442, which
scales up to $54.4 to $116.8 million for the city of Portland, Oregon.
2. Methods
2.1. Study area
The city of Portland, Oregon is located near the confluence of two of
the largest rivers in the United States, the Columbia and the Willamette

Fig. 1. City of Portland, Oregon and Central City Area.
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(Fig. 1). Portland has two distinct seasons—a wet season (OctoberMarch), when around 70% of total annual precipitation falls, and a dry
season from April-September (Fahy et al., 2019). Climate change has
increased the frequency and intensity of extreme rainfall events in our
study area with events predicted to increase over the next century under
likely climate scenarios (Reidmiller et al., 2018). Extreme rainfall events
can lead to pluvial (stormwater) flooding, with impacts on trans
portation and properties, and can also cause Portland’s stormwater
system to become overwhelmed, which impacts water quality and may
cause additional pluvial and fluvial (riverine) flooding.
The city of Portland has three stormwater systems. The oldest sys
tem, which covers around 30% of the city’s area, is a combined sewer
system (CSS) that combines sewage and stormwater into one pipe and
conveys the wastewater to a centralized treatment plant (City of Port
land Bureau of Planning and Sustainability, 2010). This type of storm
water system, which exists in around 860 cities in the United States (U.S.
EPA, 2015), discharges untreated wastewater into nearby water bodies
when its design capacity is exceeded, which can occur during extreme
rainfall events. The rest of the city has a separated sewer system (SSS),
which conveys stormwater to nearby water bodies. Overlapping parts of
the CSS and SSS areas is an underground injection system that uses
sumps or drywells to direct water underground (Environmental Services
City of Portland, 2019).
In 1991, a lawsuit was filed against the city of Portland by an envi
ronmental nonprofit claiming CSOs violated the Clean Water Act (CWA).
At the time, as little as one tenth of an inch of rainfall would trigger a
combined sewer overflow (CSO) event with an average of 50 overflows
per year into the Willamette River (Environmental Services City of
Portland, n.d.-a). As a result of the litigation, the city invested in gray
infrastructure—the “Big Pipe Project”—at a cost of $1.4 billion dollars.
This was projected to reduce CSO events into the Willamette River by
94% and into the Columbia Slough by 99%; the twenty-year project was
completed in 2011 (Environmental Services City of Portland, n.d.-a). In
2007, an EPA memo (U.S. EPA, 2007) acknowledged that GSI could be
used as a way to meet permit conditions and consent decrees under the
CWA which prompted cities, including Portland, to incorporate this
approach into their stormwater management plans.
Portland is seen around the world as a leader in the use of green
stormwater infrastructure (O’Donnell et al., 2021). In 2020, Portland
had almost 2,500 green street facilities which are maintained, in part, by
community volunteers as part of Portland’s Green Street Stewards Pro
gram (City of Portland Oregon, 2020; Environmental Services City of
Portland, n.d.-b). Portland’s stormwater agency incentivizes tree
planting by providing free trees for commercial, industrial, or multifamily residential properties (Environmental Services City of Portland,
n.d.-c). Free street trees are provided by a local non-profit for residential
property owners and yard trees are incentivized by a one-time rebate for
property owners on their water/sewer/stormwater utility bill (Envi
ronmental Services City of Portland, n.d.-e). Additionally, residential
property owners can receive a discount on the stormwater portion of
their utility bill if they have four or more yard trees on their property, if
their property’s roof and paved areas total less than 1000 square feet, or
if any part of their home’s roof is covered by a green roof (Environ
mental Services City of Portland, n.d.-d).
In 2018, the City of Portland added a green roof (called ecoroofs in
Portland) requirement to Portland’s Zoning Code as part of Portland’s
Central City Plan 2035 that required all new construction with a net
building area of 20,000 square feet or larger in the Central City area to
have an ecoroof (Bureau of Environmental Services, 2018). The Central
City (Fig. 1) is Oregon’s “urban center” and includes ten subdistricts
with the greatest density of jobs and people in the state (City of Portland,
n.d.).
The zoning code lists “multiple complementary benefits in urban
areas” from ecoroofs including “stormwater management, reduction of
air temperatures, mitigation of urban heat island impacts, air quality
improvement, urban greenspaces, and habitat for birds, plants and

pollinators” (2019 Central City Plan, Title 33, Planning and Zoning
(§33.510.243 Ecoroofs), 2019). The code requires ecoroofs to cover
100% of the building roof area (including required firebreaks), but al
lows for exceptions, such as mechanical equipment, evacuation routes,
solar panels, and wind turbines, that, when combined, cover no more
than 40% of the building’s roof area (2019 Central City Plan, Title 33,
Planning and Zoning (§33.510.243 Ecoroofs), 2019). The ecoroof
mandate replaced an incentive program, in place from 2009 to 2014,
that provided developers with a subsidy of $5 per square foot of green
roof installed and the potential to qualify for a building density bonus
(EcoMetrix, 2014). As of 2019, there were almost 400 green roofs in the
city covering almost 1.4 million square feet; commercial buildings make
up 40% of green roofs by count and 72% by area (Netusil & Thomas,
2019).
2.2. Survey instrument
The lack of estimates about the public benefits from green roofs, and
the trade-offs in public benefits based on how a green roof is designed,
motivated our use of a choice experiment survey to estimate the value of
three public benefits from green roofs—decreased summer tempera
tures, decreases in the number of combined sewer overflows, and in
creases in the number of birds, bees and butterflies through the creation
of new habitat. A fourth attribute investigated respondent’s preferences
about the geographical distribution of new green roofs. Program cost,
described as a monthly increase in a household’s stormwater and sewer
bill for one year, was also included.
The survey instrument and images were designed using best prac
tices as detailed in Johnston et al. (2017). Interviews with experts in
green roof design and government agency staff helped inform our first
focus group meeting with Portland residents, which was moderated by a
professional with extensive experience conducting focus groups on
public policy issues and survey design. Insights from the first focus group
meeting helped the research team develop a survey instrument that was
further refined in two additional moderated focus group meetings with
Portland residents. Focus group meeting participants were recruited via
Craigslist and were compensated with a $25 gift card to a local grocery
store. Images representing the attributes were designed by a graphic
designer and were a focal point of the second and third focus group
meetings. Those meetings also helped refine the attributes and attribute
levels (Table 1) used in our final survey instrument. The cost attribute
levels were informed by recent annual rate increases of around 3% per
Table 1
Attribute Levels.
Attribute

Levels

Distribution of new green roofs

(No new green roofs)
Concentrated fully within the central city
Concentrated mainly in the central city
Distributed equally across Portland
(No change: 0 ◦ F ↓)
Low effect: < 0.5 ◦ F ↓
Moderate effect: 0.5 ◦ F – 1 ◦ F ↓
High effect: > 1 ◦ F ↓
(No change)
Prevents 1 sewer overflow per year
Prevents 2 sewer overflows per year
Prevents 3 sewer overflows per year
(No change)
50% increase
100% increase
150% increase
($0 each month ($0 total))
$1 each month ($12 total)
$4 each month ($48 total)
$7 each month ($84 total)
$10 each month ($120 total)

Reduced summer temperatures

Reduction in combined sewer overflows

Increase in birds, bees, and butterflies

Monthly household cost for one year

Note: status quo levels are in parentheses.
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year for sewer and stormwater services, so approximately $3 per month
($27 per year), and from feedback received from focus group partici
pants about their ability and willingness to pay higher rates to support
the new green roof program.
As described in the survey instrument, the proposed green roof
program would result in 75 new green roofs on commercial and indus
trial properties representing an additional 500,000 square feet of new
green roofs (a 50% increase from current levels); background informa
tion and the most relevant parts of the survey are included in Appendix
A. All Portland residents would see an increase in their sewer and
stormwater bills for one year with funds put into a dedicated account
that could only be used to finance new green roofs. The new green roofs
would not be accessible to the public and most would not be visible from
public areas. Green roof aesthetics are important (Vanstockem et al.,
2018), so to narrow our survey’s focus we stated that all of the new
green roofs would be planted with sedum, which is commonly used on
green roofs in Portland and grows well in our study area’s climate. Re
spondents were told that all of the new green roofs would be completed
one year after the new green roof program was fully funded.
We used experimental design techniques described by Kuhfeld
(2010) to generate the individual choice cards. An orthogonal fractional
factorial experimental design of the attributes and levels listed in Table 1
resulted in 96 unique choice cards. The resulting experimental design
was 100% D-efficient. To ensure incentive compatibility, respondents
were presented with a choice of either a new green roof program or the
“no program” status quo option (Carson & Groves, 2007; Collins &
Vossler, 2009). Respondents answered eight randomly selected choice
cards; a sample choice card is shown in Fig. 2. Text describing the status
quo and new green roof program options are in Appendix A. Re
spondents were also asked about their previous experience with green
roofs and answered demographic questions.
2.3. Data
The survey was administered from September through early
December 2020 to a Qualtrics panel of respondents who live in the city
of Portland. Project researchers specified demographic targets (age,
race, education) for the Qualtrics panel. Compared to city of Portland
residents based on 5-year (2014–2019) American Community Survey
(ACS) data (United States Census Bureau, 2021), there were significantly
fewer White and significantly more Black or African American, Amer
ican Indian/Alaska Native, Native Hawaiian or Other Pacific Islander
respondents; the other race and ethnicity categories and household size
were not statistically different (Table 2). There were significantly more
respondents who were female, high school graduates, unemployed, and
with income in the less than $49,999 category and significantly fewer
respondents who were male, had a bachelor’s degree, were employed,
and in the $50,000-$99,999 or $100,000 or more income categories.
Differences in income and employment status may be a result of
when the survey was administered (mid-pandemic), compared to the
pre-pandemic ACS data. Thirty-six percent of respondents reported that
they expect their 2020 household incomes to be lower than 2019 levels,
which may have influenced respondents’ willingness to pay for the new
green roof program.
Our respondents were familiar with green roofs with a majority
(57.8%) selecting “Yes” or “Maybe” when asked if they had seen or
visited a green roof (Table 3). Respondents who selected “Maybe” or
“No” were asked a follow-up question about whether they had heard or
read about green roofs prior to the survey. A majority (58.1%) selected
“Yes” or “Maybe” indicating that our respondents—either by visiting,
seeing, hearing, or reading about green roofs—were familiar with this
approach.
The majority of survey respondents (54.7%) have lived in the city of
Portland for eleven years or more. The Big Pipe Project was completed in
2011, so these long-time residents are likely familiar with that project
and the city’s extensive green stormwater infrastructure efforts.

Fig. 2. Sample Choice Card.

Respondents were also asked if they live and/or work in Portland’s
Central City (Fig. 1), which is where existing green roofs are
concentrated.
Recent research has raised concerns about the quality of survey
panels (Johnston et al., 2021), so we used two approaches to improve
data quality. First, the survey was designed so that before knowing
anything about the survey topic or study area, respondents were
required to type in their zip code to ensure that respondents lived in the
study area and to eliminate other potential fraudulent responses from
internet bots or panelists using fake profiles or locations. Second, re
sponses were reviewed and those with identical IP addresses and de
mographic information (gender, education, age, race, job status, etc.)
were deleted. While there are valid reasons why different respondents
can have the same IP address, for example, completing the survey at a
public library or living in the same dwelling, it is unlikely that those
respondents would also have identical demographic information.
Responses were also reviewed for protests, which is when re
spondents do not select their true value because they reject the scenario,
misunderstand what they are being asked to value, or act strategically
(Boyle, 2017). Respondents who selected “status quo” for each of the
eight choice cards were asked a follow-up question that listed several
possible reasons for that choice (Appendix A). Respondents who selected
answers other than “The new green roof program is not worth it” or “I
cannot afford to pay that much to support a new green roof program”
4
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with a set of alternatives (e.g., policies, programs, goods, etc.), will
choose the option that gives them the highest utility. The individual’s
utility is typically represented by a linear function of the survey attri
butes and a random error term as shown in equation (1). The utility V
that individual i receives from choosing alternative a is expressed as.

Table 2
Demographic Characteristics of Respondents and Study Area.
Variable
Age (years)
Median
Race and Ethnicity
American Indian or Alaska Native
Asian
Black or African American
Hispanic, Latinx, or Spanish origin
Native Hawaiian or Other Pacific
Islander
White
From multiple races
Gender
Female
Male
Non-binary
Education
High school graduate or higher
Bachelor’s degree or higher
Employment
Disabled
Employed
Homemaker, retired, or student
Unemployed
Household income (2019)
$0 – $49,999
$50,000 – $99,999
$100,000 or more
Household size
Average

Survey
Respondents

City of
Portland

40

37.5

1.8%
7.4%
11.8%
11.0%
1.5%

0.8%
8.2%
5.8%
9.7%
0.6%

66.0%
6.1%

77.4%
5.3%

65.7%
33.0%
0.8%

50.4%
49.6%
—

96.2%
42.2%

92.4%
50.4%

4.9%
57.0%
22.8%
12.3%

8.8%
70.3%
—
3.8%

52.2%
23.0%
24.8%

36.0%
29.4%
34.6%

2.49

Vai = βxa + λ(pa ) + εai ,

where β is the vector of preference parameters for the nonmonetary
attributes xa associated with alternative a, pa is the price of alternative a,
and λ is the marginal utility of money. Depending on the model, β and λ
are drawn from an underlying distribution specified by the researcher.
The marginal willingness to pay (MWTP) for an attribute can be
calculated from equation (1) by taking the negative of the ratio of the
attribute’s preference-space coefficient β and the cost variable’s coeffi
cient, λ:
MWTPattribute = −

βattribute
.
λ

(2)

Equation (2) gives the MWTP for an attribute in terms of money and
is easily interpretable. At the same time, given specific assumptions
about the distributions that β and λ are drawn from, the indirect esti
mation of MWTP by taking the ratio of the two distributions can lead to
extreme values for the MWTP estimates (Daly et al., 2012; Hole &
Kolstad, 2012; Train & Weeks, 2005). Train and Weeks (2005) propose a
willingness to pay (WTP)-space reformulation of the preference-space
linear RUM model in (1) that allows direct estimation of MWTP:
[
]
β
Vai = λ Xa + pa + εai .
(3)
λ

2.34

Notes: Estimates may not add to 100% due to rounding and omitted categories.
“Prefer not to say” and “other” categories were omitted. Survey respondent
values are calculated using the 391 respondents in the final data set.

This can be shown as:
Vai = λ[ ̂
βXa + pa ] + εai ,

(4)

where ̂
β gives the WTP for each attribute (MWTP for attributes with
multiple levels) by forcing all attribute coefficient estimates to be in
“dollar terms” of the cost coefficient. For this study, we conduct a
preference-space estimation from equation (1) and a WTP-space esti
mation from equation (4) using the models described below.

Table 3
Respondent Green Roof Experience and Study Area Tenancy.
Visited or seen a green roof?
Yes
Maybe
No
Heard or read about green roofs?
Yes
Maybe
No
Time lived in Portland
0 – 10 years
11 years or more
Live in Central City?
Yes
Sometimes
No
Work in Central City?
Yes
Sometimes
No

(1)

44.5%
13.3%
42.2%

2.4.2. Statistical models
The classical way to analyze the data from a choice experiment
survey uses a conditional logit (CL) model, although this model makes
the restrictive assumption that preferences are homogeneous across re
spondents, which is not always true (Holmes et al., 2017). Two
frequently used models that relax this assumption and allow for het
erogeneous preferences are the mixed multinomial logit (MMNL) model
(Train, 2009) and the generalized multinomial logit (GMNL) model
(Fiebig et al., 2010).
Building from equation (1), the CL assumes homogeneous prefer
ences across individuals, that the random error term is identically and
independently distributed (IID) and follows a type I extreme value dis
tribution, and that the scale (standard deviation) of the error term is
normalized to 1. This allows the probability of individual i picking the
alternative that gives them the highest utility to be expressed as

41.5%
16.6%
41.9%
45.3%
54.7%
44.5%
3.32%
52.2%
39.6%
11.3%
49.1%

were categorized as protests and removed from the data set. Eleven
duplicate responses and fourteen protest responses were identified,
leaving 391 unique respondents in our final data set. Each respondent
was presented with eight choice cards that included one program option
and the status quo (“no program”). Our final data set includes 6,172
observations after accounting for 84 skipped choice cards.

exp(βxai )
Pai = ∑N
,
b=1 exp(βxbi )

(5)

where x is the vector of attributes (including price, for brevity) associ
ated with an alternative, a is the preferred alternative, b is any other
alternative, and β is the preference parameter vector associated with an
alternative’s attributes. The assumption of one representative parameter
vector (homogeneous preferences) for the entire sample of respondents
allows for efficient, direct calculation of coefficients, but may bias model
estimates if preferences are heterogeneous (Hensher & Greene, 2003;
Hensher, Rose, & Greene, 2005; Train, 2009).

2.4. Data analysis
2.4.1. Preferences and willingness to pay
A respondent’s decision-making process in a choice experiment
survey is typically modeled using the random utility model (RUM)
(Train, 2009). The RUM assumes that the respondent, when presented
5
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The MMNL allows for heterogeneous preferences across individuals
by specifying preference parameters as random rather than fixed across
the sample (Hensher & Greene, 2003; Hensher, Rose, & Greene, 2005;
Train, 2009). Like in the CL, the error term is assumed IID, type I
extreme value with a scale normalized to 1. The conditional probability
of individual i choosing the preferred option a can be expressed as
exp(βi xai )
Pai|βi = ∑N
.
b=1 exp(βi xbi )

3. Results
We estimated three sets of models. The first set estimates the value of
green roof attributes for all respondents. Most of Portland’s existing
green roofs are in Portland’s Central City area, and one attribute focused
on the spatial distribution of new green roofs (with two of the three
possible attribute levels allocating more new green roofs to that area), so
our second set of models explores if respondents who live and/or work in
the Central City have different values than respondents who live and/or
work outside that area. Differences in estimated results may be because
of differences in experiences or knowledge about green roofs, so our
third set of models separate respondents into categories based on
whether they had seen or visited green roofs, had heard or read about
green roofs prior to taking the survey, or had no prior experience or
knowledge about green roofs. The following sections discuss the mar
ginal willingness to pay (MWTP) results for all models and annual total
willingness to pay for several hypothetical green roof programs.

(6)

Unlike the CL, these coefficients cannot be estimated directly and
generally must be evaluated through simulation (Holmes et al., 2017;
Train, 2009). We used the mixlogit command in Stata to estimate these
models (Hole, 2007).
Both the CL and the MMNL models are estimated in preferencespace. As noted in the previous section, calculating MWTP from
preference-space estimation requires taking the ratio of two estimates’
coefficients, which may produce extreme values. However, it can be
difficult for the alternate WTP-space estimation presented in equation
(4) to converge and, in our study, only the GMNL estimator converged.
The GMNL allows the scale of the error term as well as the co
efficients to vary across respondents, and, like the MMNL, is estimated
by simulation. Following Fiebig et al. (2010), the probability of indi
vidual i choosing the preferred option a in choice task t can be expressed
as.
)
(
D
exp βσd + γηd + (1 − γ)σ d ηd xiat
1 ∑
Pa|xit =
) ,
(7)
(
∑N
D d=1 b=1 exp βσ d + γ ηd + (1 − γ)σ d ηd xibt

3.1. Marginal willingness to pay
Generalized multinomial logit (GMNL) models were used to estimate
MWTP directly in WTP-space. MWTP was also calculated using
preference-space mixed multinomial logits (MMNL) to compare results
to the GMNL model or if the WTP-space GMNL model did not converge.
GMNL and MMNL results are preferred to conditional logit (CL) models
because results (Table 4 and Appendix B) showed heterogeneous pref
erences among respondents; CL results are included in Appendix B.

where d is the draw number in the simulation, σ is the scale parameter, γ
is a parameter between 0 and 1 that captures how the variance of the
residual preference heterogeneity varies with the scale σ, and η is the
vector of individual-specific deviations from the sample mean coeffi
cient β. We use the gmnl command in Stata to estimate these models (Gu
et al., 2013) in WTP-space.

Table 4
Results for all respondents.

Mean estimate
Alternative specific constant

2.4.3. Econometric specification
For each of the models described above, we estimate the main effects
for the five green roof program attributes—spatial distribution of green
roofs; reduced summer temperatures; reduced combined sewer over
flows; increase in birds, bees, and butterflies; and cost. We include an
alternative specific constant to account for the intrinsic preferences for
green roof programs as well as to capture the influence of unobserved
attribute preferences on choice (Kamakura et al., 2001; Rolfe et al.,
2000).
The spatial distribution attribute is specified as a set of indicator
variables, with new green roofs “fully concentrated in the central city”
used as the omitted category. Reductions in yearly sewer overflows were
presented in the survey as 0 (status quo), 1, 2, or 3, and are coded as
such. Increases in birds, bees, and butterflies are coded as 0 (status quo,
no change), 1 (one level change, corresponding to a 50 percentage point
increase), 2 (two level change, corresponding to a 100 percentage point
increase), or 3 (three level change, corresponding to a 150 percentage
point increase). Reduced summer temperatures were initially coded as
indicator variables with no change in temperature used as the omitted
category, but we were not able to get the GMNL model to converge for
simulations with more than 225 draws. Instead, we coded reduced
summer temperatures as levels with 0 (status quo, no change in summer
temperatures), 1 (one level change, corresponding to Low effect: < 0.5
◦
F ↓), 2 (two level change, corresponding to Moderate effect: 0.5 ◦ F – 1
◦
F ↓), or 3 (three level change, corresponding to High effect: > 1 ◦ F ↓).
Estimated results for the GMNL models are similar when we model
reduced summer temperatures using indicator variables or levels (Ap
pendix B.3). Given the similarity of results, we prefer the model that uses
levels for reduced summer temperatures because it converged with a
much higher number of draws, which increases accuracy (Gu et al.,
2013).

New green roofs mainly
concentrated in the central city
New green roofs distributed
equally across Portland
Reduced summer temperatures
Reduction in combined sewer
overflows (#)
Increase in birds, bees, and
butterflies (50 percentage
points)
Increased monthly cost for 1 year
($)
Standard deviation
Alternative specific constant
New green roofs mainly
concentrated in the central city
New green roofs distributed
equally across Portland
Reduced summer temperatures
Reduction in combined sewer
overflows (#)
Increase in birds, bees, and
butterflies (50 percentage
points)
Increased monthly cost for 1 year
($)
Observations
AIC
BIC
Log likelihood
Chi-squared

GMNL
WTP-space
(1)

MMNL
Preference-space
(2)
(3)

8.115***
(0.954)
1.839**
(0.723)
2.490***
(0.619)
2.181***
(0.333)
4.865***
(0.535)
1.708***
(0.271)

Coef.
1.274***
(0.234)
0.388**
(0.170)
0.302*
(0.180)
0.337***
(0.0789)
0.733***
(0.0997)
0.311***
(0.0734)

MWTP
7.657***
(1.409)
2.331**
(1.050)
1.817*
(1.080)
2.026***
(0.496)
4.404***
(0.702)
1.870***
(0.471)

-0.166***
(0.0215)
12.48***
(1.189)
0.279
(0.449)
1.929***
(0.519)
0.709***
(0.189)
3.831***
(0.402)
0.556**
(0.259)

2.046***
(0.201)
0.154
(0.520)
0.554
(0.448)
0.334**
(0.155)
0.697***
(0.117)
0.349***
(0.124)

6172
2592.7
2686.9
-1282.3
237.2

0.258***
(0.0622)
6172
2611.2
2705.4
-1291.6
574.1

6172

Standard errors in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01.
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3.1.1. All respondents
MWTP results were similar between the direct WTP-space GMNL
model (Table 4, column 1) and the preference-space MMNL model
(Table 4, column 3), so we focus on the WTP-space results.
Respondents were willing to pay, on average, $8.12 for a new green
roof program fully concentrated in the Central City area that provides no
improvement in summer temperature, CSOs, or pollinators. All green
roof attributes were significant at the p < 0.05 level in the GMNL model,
but the most important attribute was the reduction in combined sewer
overflows, with an average MWTP to reduce a CSO event of $4.87 per
month. A test of equality of the two green roof distribution coefficients
shows that they are not statistically different from each other (p =
0.3437), indicating that respondents prefer to not fully concentrate new
green roofs in Portland’s Central City area, which is where most green
roofs are currently located. Respondents also have a significantly posi
tive value for reducing summer temperatures and increasing the number
of birds, bees, and butterflies.
Estimated household monthly total willingness to pay for a green
roof program that reduces summer temperatures by < 0.5 ◦ F, reduces
sewer overflows by 1 per year, and increases birds, bees and butterflies
by 50 percentage points ranged from $16.87 if new green roofs are fully
concentrated in the Central City to $19.36 if new green roofs are equally
distributed across Portland (results in Table B1 of Appendix B).
Additional models (Appendix B) were run on subsamples defined by
time of survey completion (fastest 25%, middle 50%, slowest 25%).
Respondents with the fastest time for completion (top 25%) had the
largest significant alternative specific constant but just one significant
attribute—the reduction in combined sewer overflows. The alternative
specific constant for the slowest 25% of respondents was insignificant
but all attributes were significant. In all specifications, the reduction in
combined sewer overflows was significant and had the largest estimated
coefficient of all attributes. Models that explored if there is a difference
in MWTP based on gender found no statistical difference (results
available from the authors).

do live and/or work in the Central City (p < 0.01). Estimated household
total willingness to pay per month for a green roof program that reduces
summer temperatures by < 0.5 ◦ F, reduces sewer overflows by 1 per
year, and increases birds, bees and butterflies by 50 percentage points
(Appendix B) are not statistically different from each other (p > 0.45).
3.1.3. Prior experience with green roofs
Prior experience with green roofs—through visiting, seeing, hearing
or reading about them—may be correlated with a respondent’s WTP, so
a third set of models explores this possibility. Respondents were asked if
they had seen or visited a green roof and could select Yes, Maybe, or No.
Those respondents who selected Maybe or No to having seen or visited a
green roof were then asked if they had heard or read about green roofs
prior to taking the survey.
Respondents who selected Yes (N = 174) or Maybe (N = 52) for
having seen or visited a green roof were combined into one category
(Table 5, column 6) and those who answered No (N = 165) were placed
into another category (Table 5, column 7). Respondents who reported
having seen or visited green roofs had significantly higher estimated
values for reducing summer temperatures and reducing CSOs than re
spondents who had not seen or visited a green roof (both p < 0.05): the
estimated coefficients on these attributes are significant for both cate
gories, but the magnitude is over twice as large for those who had seen
or visited a green roof. Monthly total willingness to pay values are
significantly larger (p < 0.05) for those respondents who had seen or
visited a green roof than for those who had not seen or visited a green
roof (Appendix B.1).
The 217 survey respondents who selected Maybe or No to having
seen or visited a green roof were asked if they had heard or read about
green roofs. Respondents who selected Yes (N = 90) or Maybe (N = 36)
to having heard or read about green roofs were combined into one
category (Table 5, column 8) and those who answered No (N = 91) were
in another category (Table 5, column 9). More coefficients are signifi
cant in the model for respondents who had heard or read about green
roofs (Table 5, column 8) compared to those who had not (Table 5,
column 9). The estimated coefficient for reducing CSOs is significantly
larger for respondents who had heard or read about green roofs than for
those who had not (p < 0.1), but the estimated coefficient for increasing
birds, bees, and butterflies is significantly smaller for respondents who
had heard or read about green roofs (p < 0.05). While the mean esti
mates of monthly total willingness to pay per household are larger for
respondents who had heard or read about green roofs (Appendix B),
those estimates are not statistically different from respondents who had
never heard or read about green roofs prior to taking the survey (p >
0.45).

3.1.2. Central City and Non-Central City Respondents
Separating respondents by whether they do or do not live and/or
work in the Central City reveals differences between the two groups.
Those who do not live or work in the Central City (Table 5, column 5)
were ambivalent about the spatial distribution of new green roofs
(neither distribution variable is statistically significant). However, re
spondents who do live and/or work in the Central City (Table 5, column
4) prefer the two other spatial distribution options for new green roofs to
fully concentrating new green roofs in the Central City area, although
the estimated coefficients are not statistically different from each other
(p > 0.6473). Furthermore, one-sided t-tests revealed that respondents
who do not live or work in the Central City have a significantly larger
MWTP for increasing birds, bees, and butterflies than respondents who
Table 5
MWTP for Central City, Non-Central City, and Experience with Green Roofs.

Alternative specific constant
New green roofs mainly concentrated
in the central city
New green roofs distributed equally
across Portland
Reduced summer temperatures
Reduction in combined sewer
overflows (#)
Increase in birds, bees, and butterflies
(50 percentage points)
Observations
Number of respondents

(4)
Live or work in
Central City

(5)
Do not live or work in
Central City

(6)
Visited or seen
green roofs

(7)
Not visited or seen
green roofs

(8)
Heard or read about
green roofs

(9)
Not heard or read
about green roofs

8.483*** (1.676)
2.954** (1.268)

6.356** (2.604)
1.082 (2.131)

8.165*** (1.685)
3.452** (1.473)

4.552*** (1.701)
1.130 (1.162)

6.131*** (1.753)
2.837* (1.572)

8.329* (4.736)
1.430 (3.366)

2.298* (1.284)

0.933 (1.939)

2.019 (1.483)

1.159 (1.109)

2.059 (1.583)

0.894 (3.236)

1.875*** (0.565)
3.867*** (0.775)

2.264** (1.009)
5.844*** (1.752)

2.659*** (0.747)
5.332*** (1.108)

1.062** (0.470)
2.493*** (0.650)

1.770*** (0.685)
4.732*** (1.041)

2.335 (1.595)
2.982* (1.607)

1.031** (0.458)

4.152*** (1.449)

1.284** (0.584)

1.789*** (0.570)

0.533 (0.510)

2.916 (1.888)

4010
254

2162
137

3562
226

2610
165

1994
126

1432
91

Standard errors in parentheses; * p < 0.10, ** p < 0.05,

***

p < 0.01.
7

N.R. Netusil et al.

Landscape and Urban Planning 224 (2022) 104426

3.2. Total annual willingness to pay for hypothetical programs

Table 6
Annual Total Willingness to Pay for Hypothetical Green Roof Programs.

Total annual willingness to pay estimates for two hypothetical pro
grams were calculated from the GMNL results for all survey respondents.
Estimates were calculated for one year, the length of time respondents’
sewer and stormwater bills would increase under the proposed program,
for individual households and the city of Portland. We estimate values
for the lowest effects program—summer temperatures reduced by < 0.5
◦
F; one fewer combined sewer overflow; and the number of birds, bees,
and butterflies increased by 50%—and for the highest effects pro
gram—summer temperatures reduced by > 1 ◦ F; three fewer combined
sewer overflows; and the number of birds, bees, and butterflies increased
by 150%.
For the lowest effects program, we calculate an average total annual
willingness to pay of $202.40 per household, for a total of $54.4 million
for the city of Portland. The average per household for the highest effects
program is $442.40, resulting in a Portland total of $116.8 million.

Annual TWTP ($)

Alternative specific
constant
New green roofs
distributed
equally
Reduced summer
temperatures
Reduction in
combined sewer
overflows
Increase in birds,
bees, and
butterflies
Total
Observations

4. Discussion
A consistent statistically robust result in our models is that re
spondents, even those who had never heard about green roofs prior to
taking the survey, value the public benefits obtained from green roofs
and are willing to pay for those benefits. We also find across models that
respondents place the highest value on reducing combined sewer over
flows (CSOs). Although investments in stormwater infrastructure have
reduced discharges into the Willamette River and Columbia Slough
(Fig. 1), there are, on average, four overflows per year during Portland’s
rainy season and one every third summer (Environmental Services City
of Portland, n.d.-a). CSOs are reported in the local news, so it is likely
that respondents are aware that this is an ongoing issue in our study
area.
Existing green roofs are concentrated in Portland’s Central City and
respondents expressed a preference for not fully concentrating new
green roofs in that area. Distribution variables were not statistically
significant for respondents who do not live or work in the Central City,
had not visited or seen a green roof, or had not heard or read about green
roofs prior to taking the survey.
The two other attributes—reduced summer temperatures and in
creases in birds, bees, and butterflies—were also valued positively by
respondents with the point estimates for reduced summer temperatures
generally exceeding those for increases in birds, bees and butterflies,
with the exception of respondents who do not live or work in the Central
City (Table 5, column 5) and those who had not visited or seen green
roofs (Table 5, column 7). Focus group members who lived and/or
worked in the Central City area expressed a concern about green roofs
increasing the already very large population of crows that roost in
Downtown Portland (Fig. 1), which may explain this result. Neither
reduced summer temperatures or increases in birds, bees and butterflies
was significant for respondents who had not heard or read about green
roofs prior to taking the survey.
An interesting pattern emerged with the alternative specific constant
(ASC), which captures the baseline value of the new green roof program
separately from specific attributes. The ASC values were larger than any
individual attribute for every model (Tables 5 and 6). Respondents who
had not heard or read about a green roof had a significantly positive ASC
that was the second largest in magnitude, so while respondents in this
group did not have a significantly positive value for attributes other than
a reduction in CSOs, they did express a positive value for the proposed
new green roof program.
While our paper focuses on green roofs, a study by Ando et al. (2020)
used a choice experiment to estimate the willingness to pay to improve
stormwater management using rain gardens and bioswales in Portland,
Oregon and Chicago, Illinois. Attributes in their choice experiment
included reduced flooding, improvements in aquatic health, and
reduced pollution levels. The payment vehicle for Portland was an

Lowest effects program, new
green roofs fully
concentrated in the central
city

Highest effects program,
new green roofs equally
distributed across Portland

Household
($)

Portland
(millions $)

Household
($)

97.38***

26.2***

97.38***

26.2***

—

—

29.88***

8.0***

26.17***

7.0***

78.52***

21.1***

58.38***

15.7***

175.20***

47.1***

20.49***

5.5***

61.47***

16.5***

202.40***
6172

54.4***

442.40***
6172

116.8***

Portland
(millions $)

Note: WTP/household multiplied by 268,718 households (Source: U.S. Census
Bureau 2021).
Standard errors in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.

increase in the monthly stormwater utility fee in perpetuity, whereas our
payment vehicle was an increase in monthly sewer and stormwater fees
for just one year.
Estimated total annual willingness to pay for Portland, Oregon in
Ando et al. (2020) was $277 (per household, per year) for a program that
improved aquatic habitat to excellent and water quality to swimmable
from the status quo level of flooding, fair aquatic health, and boatable
pollution levels. While the attributes used in the Ando et al. (2020) study
are different from ours, the goals of both studies—estimating the value
of using green stormwater infrastructure to improve environmental
outcomes—are similar.
Cost estimates for installing a green roof vary, so we rely on a report
that evaluated the cost of 105 extensive green roof installations in
Portland between June 2009-September 2014 as part of Portland’s
incentive program (EcoMetrix, 2014). The mean cost for institutional
green roofs, which is the category that most closely aligns with the
placement of new green roofs on commercial and industrial uses
described in our survey, was $19.32 per square foot ($1.80 per square
meter), or approximately $21 in 2020 dollars. The average size of an
institutional green roof was around 7,000 square feet (650 square me
ters) for a total installation cost of $147,000. Given these cost and green
roof area assumptions, and the annual total willingness to pay estimates
in Table 6, the 1-year increase in sewer and stormwater fees under the
proposed new green roof program could fully finance the construction of
370 new green roofs under the “lowest effects” estimates or 794 new
green roofs under the “highest effects” estimates, which would add to
the 150 commercial and industrial green roofs that currently exist in the
study area (Netusil & Thomas, 2019).
Survey respondents were told that the increase in sewer and storm
water fees to support the new green roof program would be in place for
only one year and that new green roofs would be in place one year after
the program was fully funded. The average single-family residential
combined sewer and stormwater bill for Portland residents during the
time of our survey (FY 2019–2020) was $75.69 per month, so $908.26
per year (City of Portland, Oregon, 2019). The one-year household total
willingness to pay for the green roof program represents 22% (lowest
effects program) to 49% (highest effects program) of the average sewer
and stormwater bill. The public benefits from the new green roofs,
however, are long lasting with cost-benefit analyses assuming a 40-year
life for a green roof (David Evans and Associates & ECONorthwest,
2008).
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Although we find a correlation between WTP based on whether re
spondents had visited seen, heard, or read about green roofs, it is unclear
if prior exposure to green roofs causes respondents to place a positive
value on green roofs or if people seek these areas out because they have a
higher value for green roofs. Additional research should investigate if
this is a causal relationship. Estimates are also specific to our study area,
so additional research should explore if our findings are robust or if
residents in other cities using green roofs as part of their stormwater
management programs have different attribute and total willingness to
pay values than our estimates.
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5. Conclusion

Appendix A. Supplementary data

Climate change is affecting the frequency of extreme precipitation
events around the world (Myhre et al., 2019) and many cities are using
green stormwater infrastructure (GSI), including green roofs, to change
the timing and to reduce the volume of stormwater runoff reaching
existing stormwater systems (Teotónio, Matos Silva, & Oliveira Cruz,
2021).
Although studies have estimated the private benefits from green
roofs, the value of the public benefits from green roofs—reducing the
heat island effect, reducing combined sewer overflows, and increasing
habitat for pollinators such as birds, bees, and butterflies, have not been
estimated. Using a choice experiment for a new green roof program of
Portland, Oregon residents, we find that respondents place the highest
value on reducing combined sewer overflows (CSOs)—a result that is
robust across all modeling specifications. We also find significant posi
tive values for reducing summer temperatures and increasing the
number of birds, bees and butterflies in our models that included all
survey respondents and that respondents prefer to not fully concentrate
green roofs in the Central City area of Portland where green roofs are
currently concentrated.
A second set of models explored if attribute estimates differ when we
compare respondents who live and/or work in Portland’s Central City,
which is where existing green roofs are concentrated, with respondents
who do not live or work in that area. Results show only one attrib
ute—the increase in birds, bees, and butterflies, was significantly
different, with respondents who do not live or work in the Central City
area having a higher value. A third set of models focused on re
spondents’ prior knowledge about green roofs, for example, if they had
visited, seen, heard, or read about green roofs. Respondents who had
visited or seen green roofs prior to the survey had the largest monthly
total willingness to pay. Those who had not heard or read about green
roofs prior to the survey had a significantly positive willingness to pay
for a new green roof program, but only one attribute—a reduction in
combined sewer overflows—was statistically significant.
Total annual willingness to pay estimates for our all respondents
model show a willingness to support new green roofs with estimates,
depending on program details, ranging from around $202 to $442 per
household for the proposed 1-year program. At the city level the total
willingness to pay is $54.4 to $116.8 million. This level of support would
more than double the number of green roofs on commercial and in
dustrial properties in the study area.
Choice experiments provide an opportunity to estimate how survey
respondents value different green roof attributes. As policies to incen
tivize or mandate the use of green roofs continue to evolve (Liberalesso
et al., 2020), the estimates presented in this paper can help policymakers
understand the public benefits from green roofs, their relative value, and
citizens’ total willingness to pay to support investments in this green
stormwater infrastructure approach.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.landurbplan.2022.104426.
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